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ARSEEARE: The exciplex formed from pyrene and 1,4-dicyanobenzene in dimethoxv-
ethane solution is quenched by tetra-n-butylammonium tetrafluoroborate.
Stern-Volmer analysis reveals that the salt is a more effective cuencher

at low concentrations than at high concentrations. Related non-linoar

effects are observed when the vield of radical icus formed by rzaction of

the salt with the exciolex is determined by laser transient absorprion
spectroscepy.  Yery iittle pyrene radical cation is formed 1t low salc

concentration even taovugn slguificant exciplex quenching occurs.  hese

effects are a consesuence 2f association of the salt to form a quadrupelar

dimer from a dipoi:r menorer,  he quadsupole quenches the exciplew o
leads to tic =zeneration of radical icas, and the divele quenches T <
give lons,  ve ocove lwvwssbrated Lot Do adical lens resulting oo
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X Exciplex intermediates play a pervasive role in organic photochem-
% 1]
{ istry.l In relatively non-polar solvents, radiative relaxation of the
A
t: exciplex often occurs in competition with chemical reactions. In more
4
Eroe
" polar solvents, dissociation of the exciplex to radical ions is the dom-
o*
¢
iy inant reaction when it is permitted energetically. Salt effects are
Y\ often used to control or probe organic reactions.2 However, only quite
E; recently have salts been employed in the investigation of exciplexes.3’4
R Herein we report the results of a study of the interactions between
ﬁj tetra-n-butylammonium tetrafluoroborate (R&NBFA) and the exciplex formed
":. *
:j from singlet excited pyrene and 1,4~dicyanobenzene, (Py-DCNB),1 in dime-
e
y *
o thoxyethane (DME) solution. The findings reveal that (Py-DCNB) 1 is
) quenched by monomeric, dipolar R4NBF4 without formation of ions, but that
5 reaction of the exciplex with quadrupolar complexes (R4N3F4)2 leads to ef-
W ficient formation of pyreme radical cation (ny) and dicyanobenzene radical
Qf anion (DCNB-). This phenomenon is useful both for controlling the chemical
:2 reactions of exciplexes and for analyzing putative electron-transfer
X reactions.
vﬂ The fluorescence of pyrene in DME is rapidly and irreversibly quenched
N
o by addition of DCNB, and simultaneously a new, broad emission centered at
A
-t %*
2 450 nm due to (Py-DCNB) 1 appears in the spectrum.5 The fluorescence
< of pyrene is unaffected by addition of R&NBF4, but the emission of the
)
! exciplex is quenched by this salt. 1In contrast to observations reported
o for related systems,3 Stern-Volmer analysis of the exciplex quenching
$: . by the salt reveals a distinctly non-linear relationship, Figure 1.6 In
l'
&
J; effect, the salt is a less effective quencher at higher concentrations
;? than it is at the lower concentrations. Precisely the same non~linear
xS behavior is observed when the lifetime of the exciplex is monitored. AR
)
)
N
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Excitation of a DME solution of pyreme containing 0.02 M DCNB with
the output of a nitrogen laser (15 ns, 337 nm, 7mJ, absorbed exclusively
by the pyrene)7 permits analysis of these reactions by transient absorp-
tion spectroscopy. In the absence of added salt this experiment reveals,
not unexpectedly, that the radical ions are not formed from dissociation of
the exciplex in this relatively non-polar solvent. However, when the solution
also contains 0.05 M R4NBF4 the absorbance of Py? is readily detected, and
its yield (determined from the absorbance change at 445 mn)8 is virtually
the same as that obtained from the dissociation of this exciplex in acetoni-
trile solution.5 The yield of ny is dependent on the salt concentration in
a curious, non-linear way, Figure 2, Very licttle Pyt is formed when the
salt concentration is less than ca. 5 x 1073 M even though this concentra-
tion is sufficient to quench the exciplex emission significantly, Figure 1.
However, Py? is easily detected at greater salt concentrations, and its
yield rises steadily to the limiting value as the amount of salt increases.
This finding underscores and expands the exciplex emission quenching re-
sults; at low salt concentration the exciplex is quenched but does not
give ny, while at higher salt concentration ny is a major product. This non=-
linear behavior is readily traced to association of RANBF4 to quadrupolar
dimers (R.ANBFQ)2

The association of un-ionized salts to quadrupoles in non-polar sol-
vents is well-known.9 Figure 3 shows a plot of the apparent molecular
weight of RANBF4 (determined by vapor pressure osmometry) as its con-
centration increases in DME solution. The molecular weight is seen to in-
crease monotonically over the salt concentration range where non-linear be-
havior is observed for the exciplex fluorescence quenching and for the yield

of Pyt.

|

N N AT AN AN A . n et j
. L-il-fln’,dk{h featatea Mﬂh _.\ I.} @\ u"} : \\\f} SN Ay




LAY

Bt av. by LR AC S PO A S M I O DA te e SR N A AR A DA AT S taie pAtite Jite i ot e J0n Spi ehe e 6 o atalhiecpiy e TN S Ve ELN

o
b
o "
:::d
17
P
Fod
-iﬁ These observations are reasonably coupled and suggest that reaction of
] the exciplex with dipolar salt results in quenching but not in radical ion
~
.‘\f
o formation, and that the reaction of exciplex with quadrupolar salt gives
S !
N J
Yo radical ions in good yield, probably by an ion~ pair exchange process.
These concepts are illustrated in Scheme 1 and account both qualitatively
&
'ig: and quantitatively for the findings if kq > ki.
<s
1!
f#g Finally, we confirmed that the radical ions formed from reaction of
L .
) salt with the exciplex in non-polar solvent give the same products as those
A
xf formed directly in polar solvent. The electron~transfer photooxidation of
8
ot
YA 5K trans-stilbene sensitized by 9,10-dicvanoanthracene was used as a probe.
L5
Sk In acetonitrile this reaction gives benzaldehvde presumably by reaction of
g i
;t the stilbene radical cation with super oxide. No oxidation is observed when
‘: . this reaction is attempted in DME. However, addition of 0.035 M R, NBF, to the

{ DME solution leads to efficient formation of benzaldehyde.

P

"

In sum, the quenching of exciplexes by R4N3F4 leads to ionic dissocia-

tion at high salt concentration where formation of quadrupoles occurs. AL

XA
. n‘f‘f..’_‘

low salt concentration the exciplex is quenched but does not dissociate.
$-' This unusual behavior may be a useful probe for the intermediacy cf ionic
-

intermediates in photochemical processes.

. Acknowledgment: This work was supported by the Office of Naval Research.
ANV

"' We thank Dr. Peter Wolynes of this Department for some thoughtful suggestions.

VU AR SR SR S S TR S LR S RS L L L ee e e e e e v ama
ds B DR T A R D NN ST B0 KT ARt 0 SN e




o

:9'“: 4

XX

oL

N e
.

0

,A
.4
‘l

O

# at

a

Scheme |
i kq
(Py-DCNB) + G- ——— Py+DCNB

Dipolar
salt

a

A
¥
)

K;
(Py-DCNB)" + (T2 —— Py BF; +RaN DCNB®
Quadrupolar
2ait

A4 TS,
"A‘l

KA AN .

o
[

5

2R

&5
o, D ..'r ‘,

v

¢ .D
l'.‘l

.. L)
~)\-

s

P

\J‘-

i L

(XX
RSP

3t |22

A XXX

s

Ca e

o,
"y
a

s

,ﬁﬁ

A 3 A e e




Captions for Figures

1) Stern-Volmer analysis of the quenching of the pyrene-dicyanobenzene

exciplex in dimethoxyethane by tetra-n-butylammonium tetrafluoroborate.

2) Double reciprocal plot of the relative yield of pyrene radical cation
against the concentration of tetra-n-butvlammonium tetrafluoroborate in

dimethoxyvethane.

3) Plot of the apparent molecular weight of tetra-n-butvlammonium tetra-

fluoroborate as a function of concentration in dimethoxyethane.
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